Some species of the genus Hypoxis within the Hypoxidaceae family are known to contain phenolic glycosides that have different clinical functions. In the African continent Hypoxis species are regarded as valuable medicinal plants that have been used for decades by traditionalists and natives to treat numerous ailments. The corms and rhizomes of the geophytes contain hypoxoside, a norlignan diglucoside, which is one of the important phytochemicals with medicinal functions found in Hypoxis. In this study corm extracts of seven species: H. acuminata, H. argentea, H. filiformis, H. gerrardii, H. hemerocallidea, H. iridifolia and H. parvifolia were analyzed for the presence of ellagic acid, total phenolic content (TPC) and hypoxoside. Extracts of H. iridifolia and H. gerardii had the highest levels of total phenolic content of 369.6 µg/g and 318.2 µg/g, respectively, compared to the rest of the species. Hypoxoside was found to be present in corm extracts of all the species in varying proportions. H. gerrardii, H. argentea and H. filiformis had the highest relative hypoxoside content of 7.1%, 6.6% and 6.6%, respectively. It is interesting to note that Hypoxis hemerocallidea, the most commonly used species for medicinal extracts contained a much lower level of hypoxoside than most of the other species. Our study included species that have not been previously analyzed for either TPC or hypoxoside presence such as H. filiformis and H. gerrardii, thus providing novel information regarding the medicinal status and biochemical compounds of these Hypoxis species.
nyasica [22] , interject in a derivative of nyasoside from rhizomes of H. interjecta and H. multiceps [23] , the glycosides acuminoside, hypoxoside andnyasoside from whole plants of H. obtusa [24] ; whereas in H. filiformis, ellagic acid, was reported to be present [25] . This latter claim was however refuted as being erroneous as according to a review by Hillis [26] , no member of the monocotyledons contains ellagic acid.
The value and importance of Hypoxis species as medicinal plants is also based on the fact that hypoxoside cannot be easily produced synthetically, and thus making these species a very important source of the phytochemical [16] . Since isolation of hypoxoside on a large scale from natural sources is very difficult, efforts of preparing analogues of rooperol, a derivative of hypoxoside, with the intention of finding a compound that was much simpler but with the same or better activity as rooperol were not successful. However, it was possible to isolate the major constituents from the corms of H. hemerocallidea, hypoxoside, a pentenyne derivative, and rooperol, the active compound that is derived through hydrolysis of hypoxoside by the enzyme [18] [27] . Hypoxoside was first isolated and characterized from H. obtusa [11] and together with the sterol beta-sitosterol now form the main phytochemicals extracted from H. hemerocallidea that are on the market [19] .
The purpose of this study was to identify and compare the level of some biochemical compounds present in some Hypoxis species, especially hypoxoside, the most important medicinal compound in this genus. H. hemerocallidea seems to be the main species that has been widely studied or used for its medicinal compounds, and very little research has been done on other species [28] . It has been noted that amateur traders assume that all Hypoxis species are African potato (H. hemerocallidea) and as such are medicinal. An investigation made by Sathekge et al. [29] revealed that different Hypoxis species were harvested from the wild and sold as African potato. This indicates that some of the herbal remedies that are sold on the market contain hypoxoside extracts from different Hypoxis species, and not just H. hemerocallidea. Knowledge of the type of secondary metabolites that are present in Hypoxis species may not eliminate the practice, but will render more insight on their true medicinal value and assist with future commercial production where more suitable species with high hypoxoside content should be used. Sciences, Alnarp. Corms from the plants that had been in the greenhouse for 2 -4 years were harvested, thoroughly washed in running tap water after removing the roots, dried with tissue paper, cut into small cubes and stored at −80˚C until further use. Before analyses, the frozen samples were dried in a CoolSafe TM SCANVAC vacuum freeze-dryer for about 48 h until a constant weight was obtained and then ground into a fine powder using an ICA ®A10 basic grinding mill. All analyses had 3 biological replications and data were statistically analyzed using Minitab 16.
Materials and Methods

Plant Material
Ellagic Acid Determination
Extraction
For extraction of ellagic acid, 25 ml 70% acetone were added into 1 g of lyophilized sample powder and placed on a shaker at 4˚C over-night. Aliquots of 1.5 ml were centrifuged at 12,500 rpm for 12 min and1 ml of the supernatant was removed and placed in heat tolerant tubes to which 1 ml 4 M HCl was added.
The samples were heated on a Techne DRI-Block®DB.2A heating block at 95˚C for 4 h and cooled to room temperature. Thereafter, 1 ml of extract was transferred into new tubes to which 7 ml of 0.1% HCl were added to adjust the acetone concentration in the samples to 8%. Phenomerex Strata® C18-T SPE-Pak columns were mounted into vacuum apparatus, one for each sample. The SPE-Pak columns were conditioned by running 10 ml methanol through each column twice. Columns were equilibrated by flushing with 5 ml 0.1% HCl twice.
Samples were loaded onto the columns and allowed to run through; columns were then washed with 5 ml 0.1% HCl. To elute ellagic acid molecules, 2.5 ml methanol was run through the columns and the eluates collected in tubes.
Eluates of 600 µl were pipetted into HPLC vials for analysis.
LC-Method
The extracted samples were injected unto an Agilent 1260 HPLC (High Performance Liquid Chromatography)-system that consisted of two mobile phases:
A-20 mM KH 2 PO 4 (Potassium dihydrogen phosphate), pH 2.3 and methanol (proportion 97:3), and B-Acetonitril. The flow rate was 1.0 ml/min, injection volume 1 µl using the Phenomenex Kinetex PFP (2.6 u) 50*3 column. Binary gradients were used: 0 min 100% A; 3.5 min 75% A, 25% B; 4 min 75% A, 25% B; 4.5 min 100% A and 6 min 100% A. Ellagic acid was identified and quantified at 254 nm using Diode detector, by external standard ellagic acid (Sigma-Eldrich, USA) and by retention time and light spectrum.
Determination of Total Phenolic Content
Extraction
One gram of freeze-dried sample powder was placed in 50 ml tube and suspended in 25 ml 70% acetone with gentle shaking overnight at 4˚C. Aliquots of 1.5 ml were taken from the raw extract and centrifuged at 12,500 rpm for 12 min. The supernatant was diluted 50× with 70% acetone and used for the analysis. 
Analysis
The Folin-Ciocalteau's colometric method [30] , with some modifications, was used for phenolic compound analysis. In order to calculate the concentrations of phenolic compounds in the samples, a standard curve was first made using a solution of 2 mg/ml chlorogenic acid in methanol with 5 concentrations: 0, 10, 25, 50, 100 and 200 µg/ml, diluted in 5% ethanol ( Figure 1 ). For the total phenolic analysis, 12 µl of the diluted sample extracts or chlorogenic acid solutions were loaded directly into a TC-plate and mixed with 50 µl 18.2 Millipore water.
Twelve µl Folin-Ciocalteau's reagent (SIGMA) was added and the mixture was allowed to react for 6 min before adding 125 µl of 7% (w/v) Na 2 CO 2 . The samples were left to stand at room temperature for 75 min before measuring the absorbance at 765 nm on the spectrophotometer. Total phenolic content (TPC) was expressed as chlorogenic acid equivalents in µg/g of sample dry weight (µg/g DW).
Hypoxoside Determination
Extraction
The presence of hypoxoside was determined using the same extracts obtained for total phenolics above (70% acetone). Aliquots of 1 ml were taken from the raw sample extracts and centrifuged at 10,000 rpm for 10 min and 600 µl were pipetted into HPLC vials and run in the HPLC. 
LC-Method
Results and Discussion
Ellagic Acid
No ellagic acid was detected in any of the samples of the species tested, however the chromatograms showed presence of other unidentified biochemical compounds that were similar in all the species but of varying amounts. All other species had peaks similar to the one obtained from H. filiformis ( Figure 2 ). Yang et al. [25] , reported that ellagic acid was found in H. filiformis, however, Hillis [26] reported that ellargic acid is not present in monocotyledons and that previous reports of its presence were probably "erroneous". To evaluate if ellargic acid is present in corms of Hypoxis, or not, we analyzed the 7 species. Our results par- Comparison of the images showed that the light spectra images from the samples closely resembled that of ellagic acid but lacked a distinct feature that is present in ellagic acid (Figure 3 ) thus disqualifying the extracted compound from being ellagic acid. The peak obtained from our results could be any other type of secondary metabolite, which due to time limitation could not be verified.
Sathekge et al. [29] found that corm extracts of H. acuminata, H. hemerocallidea, H. iridifolia and H. rigidula had secondary metabolites that were similar, when analyzed using TLC (Thin Layer Chromatography) and HPLC methods. Our findings also indicate that the corms of the seven species analyzed contain similar compounds, which however, could not be identified as the assay was based on the isolation and identification of ellagic acid.
Total Phenolic Content (TPC)
The results presented in Figure 4 show that the extracts from the freeze-dried in the HPLC system using the LC-method described above for hypoxoside. In all three samples chlorogenic acid was found to be the most abundant, other phenols found were coumaric acid and flavanoids.
In corm extracts of H. hemerocallidea, Dzingirai et al. [31] obtained 0.268 mg/100mg (2.68 µg/g) dry mass of TPC standardized in gallic acid using the Folin Ciocalteu method, an amount much lower than that obtained for the same species in our analysis. They extracted the TPC from corms purchased from the market and used gallic acid as a standard, we used corms that had been grown in the greenhouse for some time, stored at −80˚C immediately after harvesting and used chlorogenic acid as a standard. These factors, including the extraction method as well as the growing conditions of the plants before the corms were harvested, may have an influence on the presence and content of phenols in the geophytes. Drewes and Khan [18] reported that 7.3% of the compounds they extracted from fresh corms of H. hemerocallidea were phenolic, whilst in this study, from the same species, 20.4% TPC was obtained from the lyophilized corms.
Hypoxoside Content
The norlignandiglucoside, hypoxoside, was found to be present in the freeze-dried samples of all the Hypoxis corm extracts analyzed. Hypoxoside and H. filiformis had the highest relative hypoxoside contents of 7.1%, 6.6% and 6.6%, respectively ( Figure 6 ). The second highest hypoxoside content (4.8%) was obtained from H. acuminata whilst H. hemerocallidea and H. iridifolia had similar proportions of 3.9% and 3.3%, respectively. H. parvifolia had the least hypoxoside content with a relative content of 1.5%. These results show a distinct difference in the amount of the compound found in each species. Whilst it was not possible to quantify the absolute hypoxoside content detected from the extracts due to the absence of a pure hypoxoside standard, the HPLC chromatograms gave a clear indication of its presence and proportion in the different species. Hypoxoside seems to be one of the most common phenolic compounds present in Hypoxis species found in southern Africa. The compound has been isolated from at least 14 species including most of those used in this study. Pre-vious studies have shown that it is present in the corms of: H. acuminata, H. hemerocallidea, H. latifolia, H. nitida, H. obtusa, H. rigidula [9] , H. angustifolia [1] , H. nyasica [32] , H. stellipillis, H. sobolifera var. sobolifera Boukes et al. [28] , H. iridifolia [29] . Concentration of this diglucoside in the corms is reported to be seasonal but it is not clear when the highest yield can be obtained [9] . The yield from the corms of H. hemerocallidea has been reported to vary between 3.5 and 4.5% [9] . In chloroform extracts of H. hemerocallidea and H. stellipillis, Boukes et al. [28] found that the corms of H. hemerocallidea contained more hypoxoside (12.27 µg/5mg) than those of H. stellipillis (7. 93 µg/5mg). They also found that in H. sobolifera var. sobolifera the hypoxoside content was negligible and could not be quantified. Lyophilized methanol extracts of H. hemerocallidea yielded the highest hypoxoside content (10.82%/100g) compared to sun-dried (1.29%), shade-dried (2.79%), or microwave-dried (5.85%) extraction methods [10] . This may indicate that the type of extraction method used has an effect on the amount of the compound obtained.
Results from this study show that H. gerrardii, which also had the highest TPC amount, H. argentea and H. filiformis had higher hypoxoside contents than H. hemerocallidea; the species that has been extensively studied and whose corm extracts are widely used in the pharmaceutical industry. Vinesi [1] obtained a hypoxoside content of 5.37% from the rhizomes of H. obtusa, which was higher than that reported for H. hemerocallidea (3.5% -4.5%). Whilst it may be true that other species have higher hypoxoside contents than H. hemerocallidea, it is unclear why this particular species has been used as the main source of the compound. Other aspects to be considered are the maturity of the corms at harvest, and the seasonal and geographical variations where the species grow. In this study the plants were collected from different agro-ecological regions and at different stages of maturity before the corms were planted in the greenhouse for a period ranging between 2 and 4 years, however for the analysis, the corms were harvested at the same time. As mentioned earlier, Drewes et al. [9] , indicated that the concentration of hypoxoside in the corms is seasonal, and so far there are no reports indicating whether or not the season for achieving the highest yield has been established. Results from this study seem to disqualify the possibility that the observed variation in hypoxoside content among the different species were due to the variation in the period the plants were grown in the greenhouse. For instance, H. acuminata, H. argentea and H. filiformis are the species that had been in the greenhouse for the longest period, of these H. argentea and H. filiformis had the highest content of the compound together with H. gerrardii, which had been in the greenhouse for a relatively shorter period suggesting that the species do have different hypoxoside levels in the corms. The highest phenolic content was also obtained from H. gerrardii which had been grown in the greenhouse for two years.
Conclusion
Species of the genus Hypoxis may have similar secondary metabolites in varying B. E. Nsibande et al. American Journal of Plant Sciences amounts as shown by the seven species analyzed in this study, as well as previous studies by other researchers. However, this does not imply that all members of this genus possess medicinal properties of similar importance. What we have been able to establish is that the corms of the seven species: H. acuminata, H. argentea, H. filiformis, H. gerrardii, H. hemerocallidea, H. iridifolia and H. parvifolia do contain certain types of phenolic compounds that are most likely the same but in varying amounts, including hypoxoside, a bioactive phytochemical that has immune regulatory properties and is used in the composition of medicinal products in the pharmaceutical industry. In both total phenolic content and hypoxoside content, the amount of the compounds differed between the species; and in both instances, other species obtained higher amounts than H. hemerocallidea the species commonly used for making medicinal formulations.
The variation obtained in both parameters cannot be attributed to the variation in the time of harvesting the corms as both high and low levels were obtained from species that had been grown in the greenhouse for a shorter or longer period. This suggests that there are actual differences in TPC and hypoxoside contents among the species. However, to rule out any doubt and the possibility of ontogenetic variation it is necessary that the plants are subjected to the same conditions including harvesting the corms at the same stage. Our study included species previously not analyzed for either total phenolic content or hypoxoside presence such as H. filiformis and H. gerrardii, thus providing novel information regarding the medicinal status and biochemical compounds of these Hypoxis species.
